Thymus fontanesii is one of the importance Algerian plant, used traditionally to treat the cough and cold. In addition, it may help to protect the people against lipid peroxidation and oxidative stress and can be used as an antioxidant agent for the preservation of processed food.
Introduction

Lamiaceae among which
The present study has therefore been designed to characterize the essential oil of Thymus fontanesii from North Algeria obtained by two different extraction techniques and evaluate its antioxidant activity.
Materials and Methods
Plant material and isolation procedure
The aerial parts of T. fontanesii were collected during the flowering period from three different regions were subjected an EMI heating assisted extraction. The system was equipped with a pressure cooker (5 L capacity), placed on an induction plate (1800 W), whereas the extraction was carried out in magnetizable conditions. The essential oil was collected by decantation and dried over anhydrous sodium sulfate, the yield measured, and stored in a freezer at 4°C in dark glass bottles until use.
The following formula was used to determine the essential oils yield:
Essential oil yield (%) = (W 1 /W 2 ) x 100
Where W1 is the net weight of TFEO (g) and W2 is the total weight of dried aerial parts of T. fontanesii (g)
Essential oil analyses
5 mg of oil was dissolved in 2.5 mL pure diethyl ether and further analyzed by gas chromatography/flame ionization detector (GC-FID) and gas chromatography/mass spectrometry (GC-MS).
GC-FID:
The analysis of the extracted oil was carried out by means of a HP 6890A gas chromatograph fitted The sample concentration providing inhibition (IC 50 ) was calculated by plotting the inhibition percentages against the concentration of sample.
Reducing power determination
The reducing power of the essential oil and standards was determined according to the protocol of Hseu et al.
[15]. In brief, 1 mL of different concentrations of the samples (25, 50, 75 and 100 µg/mL) was mixed with phosphate buffer (1 mL, 0.2 M, pH = 6.6) and 1% potassium ferricyanide [K 3 Fe(CN) 6 ] solution (1 mL).
The mixture was incubated at 50 °C for 20 min.
Trichloroacetic acid (TCA) (1 mL, 10%) was added to the solution, which was then centrifuged for 10 min at 3000 g. The supernatant was recovered and mixed with distilled water (1.5 mL) and 0.1% FeCl 3 (150 µL) and the absorbance was measured at 700 nm. Absorbance increase of the reaction mixture (according to the blank) indicated increased reducing power.
β-carotene/linoleic acid bleaching assay
The All experiments were repeated three times on independent samples and the data were expressed as mean ± standard deviation (SD).
Results and Discussion
Essential oil yield and chemical composition
T. fontanesii samples gave yellow liquid with sharp odor and yield ranging from 2.1 ± 0.3 % to 3.1 ± 0.1%, (w/w) for EMI heating and 1.8 ± 0.01% to 2.6 ± 0.02%, (w/w) for HD. HD lead to a max of 2.1% essential oil yield and the end of extraction process was reached after 85 min.
The higher yield was found for the samples from Miliana (from 2.6 ± 0.02% to 3.1 ± 0.1%), while the lower yield was found for the samples from Oued El Chorfa (from 1.8 ± 0.01% to 2.1 ± 0.3%), and for T.
fontanesii from Tarik Ibn Ziad (from 2.1 ± 0.01% to 2.9 ± 0.1% 
Antioxidant activity of T. fontanesii essential oil
The antioxidant activity of TFEO was assessed by three antioxidant assays: the DPPH . assay, evaluating the H-donating or radical scavenging ability of the oil using the stable radical 2,2-diphenyl-1-picrylhydrazyl as a reagent, an assay estimating the ferric-reducing capacity of the oil and the β-carotene/linoleic acid bleaching assay. The concentration that led to 50% inhibition or effectiveness (IC 50 ) values reflected better protective actions. As shown in Table 2 pallescence from Algeria, T. capitatus from Tunisia, T.
saturejoides from Morocco rich in carvacrol [24] [25] [26] and other Thymus species from Lybia rich in thymol [27] . In most such studies, phenolic compounds, due to their chemical structures that allow then to donate hydrogen to free radicals, were introduced as the major factor contributing to the antioxidant activity of EO [28] . The antioxidant activity of TFEO was also assessed by the reducing power assay and the results are gathered in Table 2 . For the measurements of the EOs reductive abilities, the transformation of Fe 3+ -Fe 2+ in the presence of oil were investigated. Where, the greatest effectiveness was shown by TIZ sample (63.8 ± 0.17 µg/mL), slightly lower for M sample (103.9 ± 0.4 µg/mL), and the lowest for OEC sample (112.6 ± 1.8 µg/mL), compared to positive control, BHT (9.7 ± 1.23 µg/mL). These results showed that the reducing power of TFEO was in line with Thymus marocanus Ball essential oil from Morocco (61.4 ± 1.58 µg/mL) rich in carvacrol [14] . Previous studies had indicated that the high reducing power of the Thymus EO was not directly related to its carvacrol and thymol contents, but the substitution of hydroxyl group in the aromatic ring might have contributed to its antioxidant activity [29] . TFEO and BHT prevented the bleaching of β-carotene, whereas TIZ oil (IC 50 = 148.9 ± 0.45 µg/mL) was better than that of M (167.2 ± 0.9 µg/mL) and OEC (236.7 ± 1.4 µg/mL) oils. These results were less potent than the references BHT (67.8 ± 0.1 µg/mL) and almost similar to T. saturejoides essential oil (213.61 ± 1.74 µg/mL) from Morocco rich in carvacrol and borneol [25] . β-carotene bleaching inhibition based on the loss of the yellow color of β-carotene due to its reaction with radicals produced during linoleic acid auto-oxidation in an emulsion [30] .
TFEO of the three collection regions was found to be relatively active in all assays. While it appears that there was a very positive correlation between carvacrol content and high antioxidant potential, also the literature review showed that the presence of carvacrol in essential oil of Thymus species may be the main cause of its high antioxidant activity [31, 32] . On the other hand, the data obtained from the evaluation of antioxidant activity of TFEO in this research were comparable to the results reported on some Algerian
Thymus [26, 33] and other Thymus species [27, 28, 34, 35] , which the antioxidant potential was addressed to the phenolic compounds (thymol and carvacrol). Monoterpene hydrocarbons, particulary α-terpinene and γ-terpinene, could be also taken into account for the antioxidant activity [36] . 
Conclusion
In this study, the EMI assisted heating was presented as an extraction method suitable for essential oil extraction. It resulted a reduced extraction time. 
